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Abstract
An effect of a magnetic field of an arbitrary strength on the beta-decay and reactions
related with it by the crossing symmetry (the beta-processes) in supernovae and accretion
disks around black holes is analyzed. Rates of the beta-processes and the energy and
momentum transfered through them to an optically transparent matter are calculated. It is
shown that the macroscopic momentum transferred to the medium increases linearly with
the magnetic field strength and can substantially affect the dynamics of supernovae and
accretion disks especially when a matter inside is degenerate. It is also demonstrated that
the rates of the beta-processes and the energy deposition in these reactions for the magnetic
field strength 𝐵 . 1015 G, which is assumed to be typical in supernovae and accretion disks,
are lower than in the absence of the field. This suppression is more pronounced for reactions
with neutrinos.
Introduction
Neutrinos can strongly affect the processes occurring in many astrophysical objects,
especially explosive processes accompanied by the release of a large amount of energy and
heating of the surrounding medium. Such processes include the core collapse supernova
which is the final stage in an evolution of massive stars as well as a merger of close bi-
nary systems. Despite the fact that both these phenomena are fundamentally different,
their common features are the powerful neutrino radiation and possible connection with
cosmological gamma-ray bursts [1] which remain an unsolved problem in theoretical as-
trophysics for many years. In a supernova explosion, a source of the neutrino emission
is the proto-neutron star that forms as the result of the core collapse of a massive star
at the final stage of its evolution. It should be noted that neutrinos are the main engine
leading to a successive explosion of supernovae. A merger of stars in a close binary system
leads to the formation of a central object (as a rule, it is a black hole or, very rarely, a
massive neutron star) and a hot accretion disk around it. In this case, the disk is a source
of powerful fluxes of neutrinos. Note that an analogous system consisting of a central
black hole and accretion disk can be formed during a failed supernova explosion called
the collapsar model [2]. In this model, a black hole is appeared as the result of the core
collapse of a massive star, rather than a proto-neutron star. The absence of a powerful
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neutrino radiation from the central part leads to the accretion of the remaining matter
to the black hole and formation of a hot disk around the hole. General interest in such
systems is connected with the fact that a large amount of energetic neutrino is emitted
from the hot disk and produces a relativistic electron-positron plasma which could be a
source of gamma-ray bursts [1]. However, the merger of compact objects (neutron stars
or black holes) apparently leads to the formation of short-duration gamma-ray bursts [3].
Long-duration gamma-ray bursts are usually associated with the supernova explosions
with a large energy release and probably with collapsars [1]. It should be noted that the
merger of a compact object with the massive Wolf-Rayet star can also be the source of
the long-duration gamma-ray bursts [4].
The dense and hot medium that forms after a supernova explosion, as well as the
merger of stars in a close binary system, is not transparent to photons, and emission of
neutrinos is the main channel for its cooling. Due to high temperatures, the medium
predominantly consists of free nucleons, photons, and relativistic electrons and positrons
being in the local thermodynamic equilibrium. Depending on the specific conditions, neu-
trinos in such a medium can either be in equilibrium, like in supernova cores, or be freely
emitted, like in accretion disks or envelopes of supernovae. The main neutrino reactions
in such media are the beta-processes (called often the direct URCA-processes) [5]:
𝑝+ 𝑒−  𝑛+ 𝜈𝑒, (1)
𝑛+ 𝑒+  𝑝+ 𝜈𝑒, (2)
𝑛 𝑝+ 𝑒− + 𝜈𝑒, (3)
which are important primarily as the main channel of the energy exchange between the
medium and neutrinos in the case of supernovae and the energy source of gamma-ray
bursts in the merger of stars in the close binary system. An important feature in such
astrophysical cataclysms is that a strong magnetic field can be generated. Simulations
show that the magnetic field strength in supernovae [6, 7] and in accretion disks [4, 8] can
reach the values 𝐵 ∼ 1015 G. Such a strong magnetic field not only significantly affects the
dynamics of supernovae and accretion disks but also modifies the interaction of neutrinos
with their matter (see, for example, [9, 10, 11]).
In this paper, the modifications of the beta-processes taking place in supernovae and
accretion disks, by the magnetic field of an arbitrary strength are discussed. The results of
calculations of the neutrino- and antineutrino-production rates and the energy-momentum
deposition to optically transparent medium are presented. A dependence of these quanti-
ties on the magnetic field strength and parameters of the medium is demonstrated. Other
details of the processes presented here can be found in the recent paper [12].
In this paper we use the system of units in which 𝑐 = ~ = 𝑘 = 1, where 𝑐 is the
velocity of light, ~ is the Planck constant, and 𝑘 is the Boltzmann constant.
1 General formalism
The macroscopic quantities, being the most interesting for astrophysical applications,
are the reaction rate (the number of processes occurring in a unit volume per unit time):
𝛤 =
1
𝑉
∫︁ ∑︁
𝑖, 𝑓
|𝑆𝑖𝑓 |2
𝒯
∏︁
𝑖, 𝑓
𝑓𝑖 (1− 𝑓𝑓 ) 𝑑𝑛𝑖 𝑑𝑛𝑓 , (4)
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and the energy and momentum transferred from neutrinos to a unit volume of the medium
per unit time:
𝑄𝜇 =
(︁
𝑄, ℱ⃗
)︁
= ± 1
𝑉
∫︁ ∑︁
𝑖, 𝑓
𝑞𝜇
|𝑆𝑖𝑓 |2
𝒯
∏︁
𝑖, 𝑓
𝑓𝑖 (1− 𝑓𝑓 ) 𝑑𝑛𝑖 𝑑𝑛𝑓 , (5)
where 𝑉 is the normalization volume, |𝑆𝑖𝑓 |2/𝒯 is the transition probability from the ini-
tial (𝑖) state to final (𝑓) one per unit time, 𝑞𝜇 = (𝜔, ?⃗?) is the neutrino four-momentum,
and the sign ”±” in (5) specifies either absorption or emission neutrino process is con-
sidered. The summation and integration is carried out over the phase space 𝑑𝑛𝑖,𝑓 of all
particles taking into account their distribution functions 𝑓𝑖,𝑓 (it is implicitly assumed that
all final particles are fermions). It is convenient to separate the integration over the neu-
trino momentum from all other. One can define the quantity called the emissivity [12]:
𝒦(𝑞) =
∑︁
𝑖, 𝑓 ̸=𝜈
∫︁ |𝑆𝑖𝑓 |2
𝒯
∏︁
𝑖, 𝑓 ̸=𝜈
𝑓𝑖 (1− 𝑓𝑓 ) 𝑑𝑛𝑖 𝑑𝑛𝑓 , (6)
where the reaction with neutrino in the final state is assumed. It completely determines
the property of the matter to emit or absorb the neutrino with the four-momentum 𝑞 in
the transition 𝑖↔ 𝑓 .
Under conditions of supernovae and accretion disks, the total emissivity for neutrino
and antineutrino in beta-processes can be presented in the simple analytical form [12]:
𝒦𝜈(𝑞) = 𝐾0 𝛷(𝑏, 𝑥𝜈 , 𝛽𝜈) 𝑒
(𝛿𝜒+Δ)/𝑡−𝑎
𝑒𝑥𝜈/𝑡−𝑎 + 1
,
𝒦𝜈(𝑞) = 𝐾0 𝛷(𝑏, 𝑥𝜈 , 𝛽𝜈) 1
𝑒𝑥𝜈/𝑡+𝑎 + 1
,
𝐾0 =
(𝑔2𝑣 + 3𝑔
2
𝑎) cos
2𝜃𝑐
2𝜋
𝐺2𝐹 𝑁𝑛𝑚
2
𝑒,
𝛷(𝑥, 𝑏, 𝛽) = 2 𝑥
√
𝑥2 − 1 𝜃(︀𝑥−√1 + 2𝑏)︀+
+
𝑏 𝑥√
𝑥2 − 1
[︁
𝜃
(︀
𝑥− 1)︀− 𝜃(︀𝑥−√1 + 2𝑏)︀]︁− 𝑔𝑣𝑎 𝑏 𝑥 cos 𝛽√
𝑥2 − 1 𝜃
(︀
𝑥− 1)︀,
(7)
where 𝑚𝑛, 𝑚𝑝, 𝑚𝑒 and 𝜇𝑛, 𝜇𝑝, 𝜇𝑒 are the masses and local chemical potentials of neutrons,
protons and electrons, Δ = (𝑚𝑛 − 𝑚𝑝)/𝑚𝑒, 𝛿𝜒 = (𝜇𝑒 + 𝜇𝑝 − 𝜇𝑛)/𝑚𝑒, 𝑇 is the local
temperature of the medium, 𝑡 = 𝑇/𝑚𝑒, 𝑎 = 𝜇𝑒/𝑇 , 𝑁𝑛 is the neutrons number density,
𝑥𝜈,𝜈 = 𝜔𝜈,𝜈/𝑚𝑒±Δ are the scaled neutrino and antineutrino energy, 𝑏 = 𝑒𝐵/𝑚2𝑒 = 𝐵/𝐵0 is
the magnetic field strength measured in units of the Schwinger value 𝐵0 ≈ 4.41× 1013 G,
𝑒 > 0 is the elementary charge, 𝛽𝜈,𝜈 is the angle between the (anti)neutrino momentum and
magnetic field direction. Here, the following constants are used [13]: 𝑔𝑣≈1, 𝑔𝑎≈−1.27 are
the vector and axial constants of the nucleon charged current, 𝑔𝑣𝑎= (𝑔
2
𝑎−𝑔2𝑣)/(3𝑔2𝑎+𝑔2𝑣)≈
0.11, 𝜃𝑐 is the Cabibbo angle, cos 𝜃𝑐 ≈ 0.97, 𝐺𝐹 ≈ 1.17 × 10−11 MeV−2 is the Fermi
constant. The dependence on the magnetic-field strength is entering in 𝒦𝜈(𝑞) and 𝒦𝜈(𝑞)
through the function 𝛷(𝑥, 𝑏, 𝛽) only. The first term in this function coincides with the
one appeared in the absence of the field and describes the magnetized matter ability
to emit and absorb neutrinos with high energies (𝑥 >
√
1 + 2𝑏). The second term in
𝛷(𝑥, 𝑏, 𝛽) dominates in the limit of the strong magnetic field and responsible for the
3
low-energy neutrino spectrum (𝑥 6
√
1 + 2𝑏). Note that this term is the result of exact
calculations [12] of neutrino and antineutrino emissivities for the beta-processes under the
supernova and accretion disk conductions. The last term in 𝛷(𝑥, 𝑏, 𝛽) is linear in cos 𝛽 and
determines the asymmetric part of the emissivity. It existence leads to an uncompensated
momentum transfered to the medium along the magnetic field direction.
2 Medium transparent for neutrino
The case of a medium transparent for neutrinos is the most simple for calculations.
However, it is quite applicable in astrophysics. In particular, the matter of accretion disks
and an external part of supernova envelopes is transparent for neutrinos and antineutrinos
and their distribution functions can be well approached by unit, 𝑓𝜈,𝜈 ≪ 1, in (4) and (5).
In this case, the neutrino- and antineutrino-production number and the energy emitted
from the unit volume of the medium per unit time in the beta-processes can be written
as follows:
𝛤𝜈,𝜈 =
1
(2𝜋)3
∫︁
𝒦𝜈,𝜈(𝑞) 𝑑3𝑞,
𝑄𝜈,𝜈 =
1
(2𝜋)3
∫︁
𝜔𝒦𝜈,𝜈(𝑞) 𝑑3𝑞.
(8)
As noted above, the existence of the asymmetric part in the emissivity (the third term in
𝛷(𝑥, 𝑏, 𝛽) in Eq. (7)) leads to a macroscopic momentum transferred to the medium. In the
case of the transparent for (anti)neutrino matter only the component along the magnetic
field direction is non zero:
ℱ𝜈,𝜈 ‖ = − 1
(2𝜋)3
∫︁
𝜔 cos 𝛽𝒦𝜈,𝜈(𝑞) 𝑑3𝑞. (9)
This quantity becomes quite simple in the case of the ultrarelativistic electron-positron
plasma which exists in supernovae and accretion disks. In this limit, the force density
along the magnetic field arising from neutrino and antineutrino emission has the form [12]:
ℱ𝜈 ‖ = ℱ0 𝐼3(𝑎)𝑌 / (1 + 𝑌 ), ℱ𝜈 ‖ = ℱ0 𝐼3(−𝑎) / (1 + 𝑌 ),
ℱ0 = (𝑔
2
𝑎 − 𝑔2𝑣) cos2𝜃𝑐
12𝜋3
𝐺2𝐹 𝑒𝐵 𝑇
4 𝜌
𝑚𝑁
, 𝐼3(𝑎) =
∞∫︁
0
𝑦3 𝑑𝑦
𝑒𝑦−𝑎 + 1
,
(10)
where 𝑌 =𝑁𝑝/𝑁𝑛 is the proton-to-neutron number density ratio, 𝜌 is the density of the
matter, 𝑚𝑁 ≈940 MeV is the nucleon mass [13]. Here, ℱ0 ≈ 1.85× 1014 𝑏 𝑡4𝜌12 dyn/cm3
gives the typical value for the force density in the nondegenerate electron-positron plasma
with 𝜌12 = 𝜌/10
12 g/cm3. In the limit of large values of 𝑎, the integral 𝐼3(𝑎) in (10) can
be approximated by the following expressions [12]:
𝐼3(𝑎) ≈ 𝑎
4
4
+
𝜋2
2
𝑎2 + 3.2 𝑎+
7𝜋4
120
, 𝐼3(−𝑎) ≈ 6 𝑒−𝑎. (11)
So, for large values of the electron degeneracy parameter 𝑎 = 𝜇𝑒/𝑇 the momentum trans-
ferred to the medium increases by the factor ∼ 𝑎4 for the processes with the neutrino
participation and exponentially suppressed for reactions with antineutrino.
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In the case of an ultrarelativistic electron-positron plasma, the neutrino- and antineutrino-
production rates and the energy emitted in these processes depend not on the magnetic
field strength itself but on dimensionless parameter 𝑦𝑏 =
√
2𝑏/𝑡 =
√
2𝑒𝐵/𝑇 which contains
the plasma temperature [12]:
𝛤𝜈 = 𝛤0 𝐽2(𝑦𝑏, 𝑎)𝑌 / (1 + 𝑌 ), 𝑄𝜈 = 𝑄0 𝐽3(𝑦𝑏, 𝑎)𝑌 / (1 + 𝑌 ),
𝛤𝜈 = 𝛤0 𝐽2(𝑦𝑏,−𝑎) / (1 + 𝑌 ), 𝑄𝜈 = 𝑄0 𝐽3(𝑦𝑏,−𝑎) / (1 + 𝑌 ),
𝛤0 =
(3𝑔2𝑎 + 𝑔
2
𝑣) cos
2𝜃𝑐
8𝜋3
𝐺2𝐹 𝑇
5 𝜌
𝑚𝑁
, 𝑄0 = 𝑇 𝛤0,
𝐽𝑛(𝑦𝑏, 𝑎) = 𝑦
2
𝑏
𝑦𝑏∫︁
0
𝑦𝑛𝑑𝑦
exp(𝑦 − 𝑎) + 1 + 4
∞∫︁
𝑦𝑏
𝑦𝑛+2𝑑𝑦
exp(𝑦 − 𝑎) + 1 .
(12)
Here, the values 𝛤0 ≈ 9.64× 1031 𝑡5 𝜌12 cm−3 s−1 and 𝑄0 ≈ 7.88× 1025 𝑡6 𝜌12 erg cm−3 s−1
give the typical values for the neutrino- and antineutrino-production rates and the energy
flux emitted in the beta-processes under conditions of the nondegenerate electron-positron
plasma. Obviously, the function 𝐽𝑛(𝑦𝑏, 𝑎) introduced in (12) is quadratic in 𝑦𝑏 in the limit
of the strong magnetic field (𝑦𝑏≫ 𝑎). So, 𝛤𝜈,𝜈 and 𝑄𝜈,𝜈 must increase linearly with the
growth of the magnetic field in this limit. However, in the case of a weak magnetic field,
the rate of increase in the first term in 𝐽𝑛(𝑦𝑏, 𝑎) is lower than the rate of the decrease in
the second term. Therefore, with the magnetic field increased, the beta-process rates and
the energy emitted in these processes first decrease, come through their minimum values,
and only then their linear increase begin as shown in Fig. 1 for the scaled reaction rates,
𝛤𝜈,𝜈(𝑏)/𝛤𝜈,𝜈(0), and emitted energy, 𝑄𝜈,𝜈(𝑏)/𝑄𝜈,𝜈(0). It can be seen that the minimum for
Figure 1: The beta-process rates (the left panel) and energy emitted through
(anti)neutrino in these processes (the right panel) are plotted for the dimensionless tem-
perature 𝑡=8 and electron degeneracy parameters 𝑎=3 as functions of the magnetic field
𝑏=𝐵/𝐵0. The processes with the neutrino and antineutrino participation are shown by
the solid and dashed curves, respectively.
the antineutrino-production rate and energy emitted in such reactions is not as deep as in
the processes with neutrinos and is reached at lower values of the magnetic field strength.
Another important fact following from Fig. 1 should also be mentioned. A transition
to an asymptotic linear increase for the beta-processes with antineutrinos occurs in lower
magnetic fields in comparison to the reactions with neutrino. Nevertheless, the transition
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to asymptotic behavior even for these processes corresponds to the magnetic field with
the strength 𝐵&1016 G which exceeds substantially the values typical for supernovae and
accretion disks. Consequently, the increase in the magnetic field in these objects leads not
to the intensification but conversely to the beta-process suppression which is manifested
more strongly for the reactions with neutrinos. In addition, the suppression of the energy
emitted is stronger than for the rates of the beta-processes.
Let us consider separately the effect of other parameters on the rates of the beta-
processes and energy emitted in them. Numerical calculations show [12] that the depen-
dence of these quantities on the temperature of the medium is similar for both reactions
which is demonstrated in Fig. 2 for the relative energy 𝑄𝜈,𝜈(𝑏)/𝑄𝜈,𝜈(0) emitted in neu-
trino and antineutrino. It can be seen that with the temperature increased, the position
Figure 2: The relative energy emitted in neutrinos (the left panel) and antineutrinos
(the right panel), corresponding to the electron degeneracy parameter 𝑎= 3 and scaled
temperatures 𝑡 = 6 (solid curves), 𝑡 = 8 (dashed curves), and 𝑡 = 12 (dotted curves) as
functions of the magnetic field strength 𝑏=𝐵/𝐵0.
of the minimum of the relative energy emitted is shifted towards stronger magnetic fields.
Its depth for each reaction separately remains unchanged but the depth of the minimum
for the beta-processes with the neutrino participation is larger. It should be noted that
the dependence of the reaction rates on the temperature of the medium is analogous to
that shown in Fig. 2 but the depth of the relative minimum is slightly smaller for these
quantities.
A different situation is observed in the dependence of the rates of the beta-processes
and the energy emitted in them on the electron degeneracy parameter 𝑎. Numerical analy-
sis has shown [12] that such dependences for the reactions with neutrino and antineutrino
differ substantially as shown in Fig. 3 for the relative energy emitted, 𝑄𝜈,𝜈(𝑏)/𝑄𝜈,𝜈(0).
It can be seen from Fig. 3 that the maximum suppression of the reaction with the an-
tineutrino participation is observed for the nondegenerate plasma (𝑎 = 0). However, the
dependence of the relative energy emitted in these processes on the electron degeneracy
parameter 𝑎 at a fixed temperature is very weak. The relative rate of the antineutrino
generation demonstrates analogous behavior. It should be noted that this holds only for
the relative quantities while the absolute values considerably depend on this parameter
in terms of 𝛤𝜈(0) and 𝑄𝜈(0). For the processes with neutrino, the situation is radically
different because even relative values of the quantities strongly depend on the electron
degeneracy parameter 𝑎. As seen in Fig. 3, the increase in this parameter leads to a dis-
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Figure 3: The relative energy emitted in neutrinos (the left panel) and antineutrinos (the
right panel), corresponding to the scaled temperature 𝑡=8 and the electron degeneracy
parameters 𝑎 = 0 (solid curves), 𝑎 = 2 (dashed curves), and 𝑎 = 6 (dotted curve) as
functions of the magnetic field strength 𝑏=𝐵/𝐵0.
placement of the minima in the relative energy emitted in neutrino towards larger values
of the field, and the minimum itself becomes deeper. The relative rate of the neutrino
production behaves analogously but the depth of the minimum of this quantity is slightly
smaller. Thus, the magnetic field suppresses the beta-processes with the neutrino partic-
ipation the most strongly, and this suppression is the highest in a degenerate medium.
In the case of the strong degeneracy of the electron-positron plasma, the following
simple analytic expressions can be obtained for the integrals 𝐽2(𝑦𝑏, 𝑎𝑒) and 𝐽3(𝑦𝑏, 𝑎𝑒) [12]:
𝐽2(𝑦𝑏, 𝑎𝑒) ≈ 4/5 𝑎5𝑒 − 7/15 𝑦5𝑏 , 𝐽3(𝑦𝑏, 𝑎𝑒) ≈ 2/3 𝑎6𝑒 − 5/12 𝑦6𝑏 , 𝑦𝑏 6 𝑎𝑒,
𝐽2(𝑦𝑏, 𝑎𝑒) ≈ 1/3 𝑦2𝑏 𝑎3𝑒, 𝐽3(𝑦𝑏, 𝑎𝑒) ≈ 1/4 𝑦2𝑏 𝑎4𝑒, 𝑦𝑏 > 𝑎𝑒.
(13)
It can easily be seen that the relative neutrino production rate, 𝛤𝜈(𝑧𝑏)/𝛤𝜈(0), and energy
emitted, 𝑄𝜈(𝑧𝑏)/𝑄𝜈(0), depend only on one variable 𝑧𝑏 = 𝑦𝑏/𝑎𝑒 =
√
2𝑏𝑚𝑒/𝜇𝑒, and this
dependence for the degenerate plasma is universal as regards 𝜇𝑒. The transition to such an
asymptotic behavior is demonstrated in Fig. 4. The expressions obtained for 𝐽𝑛(𝑦𝑏, 𝑎𝑒) in
the strongly degenerate plasma also show that the largest suppression of the beta-processes
with neutrino by the magnetic field occurs for the strength 𝐵𝜈 ≈ 𝜇2𝑒/(2𝑚2𝑒)𝐵0, and the
magnitude of the suppression relative to the field-free value is 𝛤𝜈(𝐵𝜈)/𝛤𝜈(0) = 5/12 ≈ 0.42
for the neutrino-production rate and 𝑄𝜈(𝐵𝜈)/𝑄𝜈(0) = 3/8 ≈ 0.38 for the energy emitted.
For the beta-processes with the antineutrino participation, the convenient variable
is the dimensionless parameter 𝑦𝑏 =
√
2𝑏/𝑡. Numerical calculations show [12] that the
relative rate of the antineutrino production, 𝛤𝜈(𝑦𝑏)/𝛤𝜈(0), and energy, 𝑄𝜈(𝑦𝑏)/𝑄𝜈(0),
emitted in such processes as functions of this variable weakly depend on the tempera-
ture of the medium and the plasma degeneracy parameter as shown in Fig. (5). The
same figure depicts the asymptotic form of the nondegenerate (𝑎𝑒 = 0) ultrarelativistic
plasma in which, as noted above, the suppression this process by the magnetic field is
the strongest. It follows from the results of numerical calculations [12] that the maxi-
mum suppression of the rate of the antineutrino production occurs in the magnetic field
with the strength 𝐵𝛤𝜈 ≈ 10 𝑡2𝐵0, and the magnitude of the suppression in this case is
𝛤𝜈(𝐵𝛤𝜈 )/𝛤𝜈(0) ≃ 0.86. The maximum suppression of the energy emitted in antineutrinos
is shifted towards stronger fields, 𝐵𝑄𝜈 ≈ 18 𝑡2𝐵0, and the suppression itself is slightly
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Figure 4: The relative rate of the neutrino production (the left panel) and energy
emitted in this process (the right panel), corresponding to the scaled temperature 𝑡= 8
and degeneracy parameters 𝑎 = 4 (dashed curves), 𝑎 = 8 (dotted curves), and 𝑎 = 20
(dash-dotted curves) as functions of the dimensionless parameter 𝑧𝑏 =
√
2𝑒𝐵/𝜇𝑒. Solid
curves correspond to the asymptotic form of the degenerate plasma.
Figure 5: The relative rate of the antineutrino production (the left panel) and energy
emitted in this process (the right panel) as functions of the dimensionless parameter
𝑦𝑏 =
√
2𝑏/𝑡. Solid curves correspond to the asymptotic form of an ultrarelativistic non-
degenerate plasma (𝑎= 0) in which process (2) has the most strong suppression by the
magnetic field. The remaining curves correspond to the following dimensionless parame-
ters: 𝑡=12 and 𝑎=0 (dashed curves), 𝑡=12 and 𝑎=3 (dotted curves), and 𝑡=8 and 𝑎=3
(dash-dotted curves).
8
stronger, 𝑄𝜈(𝐵𝑄𝜈 )/𝑄𝜈(0) ≃ 0.82. Comparison with analogous quantities obtained for
processes with the neutrino participation shows that the maximum suppression of these
reactions with the neutrino participation by the magnetic field occurs in the nondegener-
ate medium, and the suppression itself is approximately half as strong.
Conclusions
In this paper, we have analyzed the beta-processes (1)–(3) in the medium of super-
novae and accretion disks with an arbitrary magnitude of the magnetic field. The results
obtained for the transparent medium were used to calculate the neutrino and antineutrino
production rates, the energy emitted in these processes, and the macroscopic momentum
transferred to the medium.
The simplest dependence on the magnetic field was obtained for the macroscopic mo-
mentum transferred to the matter. It was shown that in the case of an transparent
medium, it increases linearly with the magnetic field and is directed along the field-
strength lines. It was demonstrated that this effect is most significant in the degener-
ate electron-positron plasma. Unlike the momentum transferred, the rates of the beta-
processes and energy emitted in them exhibit a more complex dependence on the magnetic
field. In the limit of the strong magnetic field, these quantities, as well as the momen-
tum transferred, increase linearly with the growth of the magnetic field. It was shown,
however, that for the values 𝐵 . 1015 G which are typical for supernovae and accretion
disks, the values of these quantities are suppressed as compared to the field-free case.
The maximum suppression of the reactions with the neutrino participation occurs in the
degenerate medium in the field with the strength 𝐵𝜈 ∼ 𝜇2𝑒/(2𝑚2𝑒)𝐵0 which falls into the
range of values typical of the objects studied. The suppression can reach 2.5 times as
compared to the field-free case. The effect of the magnetic field on the antineutrino pro-
cesses is weaker and its maximum suppression is 1.2 times as compared to the field-free
case. However, such a suppression occurs in the nondegenerate plasma (i. e., in regions
of supernovae and accretion disks with a moderate density). The magnetic field corre-
sponding to the maximum suppression of these processes is 𝐵𝜈 ∼ 10 𝑡2𝐵0 which also falls
in the range of values typical of the objects considered at moderate temperatures. Thus,
the suppression of the processes with the neutrino and antineutrino participation, by the
magnetic field occurs in different parts of supernovae and accretion disks, and the effect
itself can be significant.
It should be noted that the form of the dependence of the rates of the beta-processes
and the energy-momentum transferred in these processes on the magnetic field and pa-
rameters of the matter presented here does not change significantly in the more general
case of a medium partly transparent to neutrinos and antineutrinos.
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